ENGINEERING REPORT
TREATMENT ALTERNATIVES INVESTIGATION AND ASSESSMENT
FOR TRICHLOROETHENE (TCE) REMOVAL
AT MUNICIPAL WATER TREATMENT PLANT #1

FOR

FORREST CITY WATER UTILITY

CITY OF FORREST CITY, ARKANSAS

Prepared by:

US Army Corps
of Engineers @

Omaha District August 2009

O A A
874250



TABLE OF CONTENTS

1 INTRODUCTION .oooooerenessesisssnsssssssssssssssnssesssssssassssssssssssssssstnsssesssssantsssss aasssssssssssssssssssssssssssaessass 7
2 EXISTING CITY OF FORREST CITY WATER SYSTEM DESCRIPTION ....o....ooonicescreenness 7
2.1 WELLS/WATER TREATMENT PLANTS . ..eeviecitisresieieiesrssreessessarsassstsnsimmsmsesenssesterssssessossasssssssssnsesionanes 7
2.2 WATER DISTRIBUTION/STORAGE ... tivsississieieeceeeeeeerrraeirsstassssssssnteneeeeernrrnr sttt arsnssnrastanterssnsatsssanas 8

3 CITY OF FORREST CITY WATER TREATMENT PLANT #1 (WTP #1) & WELLFIELD 10

3.1 LOCATION weveoerseeeeeeeeeeeseeeessssasseseroesossesesessmasessseeseeesssessemssesessesseeeoesoeesoesessssesmmsmsttssossesossesssesessserarmnre. 10
3.2 WATER SUPPLY AND QUALITY .eeeerereirereeisiaiieeecericissssaseesosiasiassemesmsassasseesansessanssssisassssessmnssmsessnssnsenses 12
3.3 WELLFIELD «.reeeinecesasecasseserasesssssasssssestsssnssnssessesssse sassnsessstonascesnsesssmnsssasontosssesat insssenssnnsasasenssesencacs 12
3.4 GENERAL GROUNDWATER QUALITY .o..coiiicriiiiinie s rreesmr e sressnesses s s s s e smesrbesasssomesssesesansasansss 15
3.5 GROUNDWATER TCE CONTAMINATION ....coueuicmcirccaenrrrerarisssestsstintesieesmsesmensaassstsnssssssesarnossassessssass 16
3.6  WATER TREATMENT PLANT #1 wuoctiuioieieiieie et setcssseis st s se s sen e anna st e tas st sbe b s eesmms s 18
3.6.1 GENERAL DESCRIPTION ...iciierioeireanisessertesssressnestesmeseatintstestasseresenssessssessmassaseticssmstsssssassassassasssnsen 18

3.6.2 WELL TRANSMISSION LINE AND WATER TREATMENT PLANT HYDRAULICS ..ccvverevvevmreercrereeseenes 29

3.6.3 EXISTING TCE REDUCTION BY WTP #1 ..o, e e b e 34
4 NONTREATMENT ALTERNATIVE .....cooconsrereenenoninsneniponnnensssosenenionsssniasssasnssaensnssnssssagngsnsngosass 35
41  WELLFIELD BLENDING ..vvvveueveesesereseseaessatetneniesessesaesssasssssesssessarasssssssincs comessestses s sessasstosssaneresnsenns 35
3 TREATMENT ALTERNATIVES & DESIGN PARAMETERS ......cooovoionirenmnsssunssansssasssnscnanne 43
5.1 CARBON ADSORPTION SYSTEM ...vciiucotisrmrirerresrresersersississriramrasssaserssaassastessssnesessesesnesassesssassesesstanss 43
5.1.1 GENERAL TECHNOLOGY IDESCRIPTION ..oucieiemcaceciunreeismstsiasssnssessssses s s en st menesnsnnes s asnenssnsacas 43
5.1.2 ADVANTAGES/DISADVANTAGES ..c.ocvveminremireccenenninnianas et e e 45
5.1.3 APPLICABILITY TO THE CITY OF FORREST CITY WTP #1...ociiiiiiiicimnninieicee e 47
5.1.3.1  Design Considerations .......cccoirrierimrsminiseiseissesseisissstssessesiesans e sres sresarssssssessessssssssssesesionsstasas 47

5.1.3.2 Location/Logistics

Treatment Alternatives Assessment

Engineering Evaluation and Cost Estimate - i - ~August 2008
Forrest City, AR. '



5.1.4  COST EVALUATION ..ottt ittt et e o res e sasse s e e eeeessnssassonesossanssteasbenssssiassssseshasansesirnsmnsnas 49

5.2 AIRSTRIFPING Loviriiiiicoiiim s isisstse st e et ee s e e e seraasaee s e amab 5 bt s oe b bbb b s s e sbe b e bt st s em b 53
52.1 GENERAL TECHNOLOGY DESCRIPTION ...cciiiiinieiinmiemccrassaesasssesssssarssassesassssarssassssasassnsnsescsasearaes 53
5.2.2  AIR STRIPPING TYPE ALTERNATIVES ....oioirireaiemiuteaesescemimassisssssisssssnranstsas st senenesbousssssssensanns 54
5.2.2.1  Packed COlUMDN AIL SIPPET....vereieireiteicieeseesiasstessesas essecsecressssasasiesaresessensesasssssasassasssssassessrases 55
5.2.2.2 Low-profile sieve tray column or low profile.......c.cciiromoirniiiicie e, 55
523 ADVANTAGES/DISADVANTAGES t.covciiieticrrcernesires et ssiessesaab b s sme s sa s st bt msnbs oo bnas 56
5.2.4 APPLICABILITY TO CITY OF FORREST CITY WTP #1 ....ccoeriiieeieree e vearesse s seecreree s saen s 58
52.4.1  Design CONSIAETAIONS ......vvivireerereeceecrerreraesereesae e et esssesseamssesesraesensaseseeseamresesressenssssressarsessenes 58
5.2.42  LoCaAtion/LOZISTICS coouiuiiiiiieriiieriiin e s ees et bbb s b sa e ms e s s a s e n s b 63
5.24.3  CoSt EVAIUALION. ..ottt b e sn s e e st s pe s en s 65
5.3 COMPARISON OF TREATMENT ALTERNATIVES .....coivuiesiereereesrmsacrnerronseasssssstsrasmesessssessssassersenensssrness 75
6 RECOMMENDATIONS ..ooooioinesisnressnsessussesesssssessnsassassonsiosacnssssassssssassnssassonsossssassosnsssnsnnsnsssassasassssass 76

Treatment Alternatives Assessment
Engineering Evaluation and Cost Estimate - - August 2009
Forrest City, AR.



List of Figures

Figure 1: Schematic of Existing Transmission Line Piping to Aerators...........c.ccoocoocc... 30
Figure 2: Water Treatment Plant #1 Transmission Line Hydraulics...........cccoeeooeeeeenne, 32
Figure 3: Water Treatment Plant #1 Transmission Line Hydraulics (Wells Operated

INAEPENAENTIY) ... e et ee et e e e e e e e e e bbb s e eeaeeas 33
Figure 4: Packed Column Air Stripper {(Square Footprint) ..................... ettt r—————— 60
Figure 5: Packed Column Air Stripper (Cylindrical Column) ..............ccccceecviiieiineeceens 61
Figure 6: Low-Profile Sieve Tray Air StHiPPer.........ccociviiiiie e 63

Treatment Alternatives Assessment
Engineering Evaluation and Cost Estimate -iv- August 2009
Forrest City, AR.



List of Tables

Table 1: Water System and CapaciiesS ... e e 8

Table 2: Water Storage Facilities ... e e e 9
Table 3: General Water Quality Data ..o ettt 16
Table 4. Historical TCE Testing ReSUIS...............oovviiieii ettt 17
Table 5: Transmission Line Hydraulic Testing Results ...............cccoooeiiiiioiieec e, 31
Table 6: Existing TCE Removal Performance...........cccccoeecinniiiieececeii e e 34
Table 7: Wellfield Blending Scenario One............cocceieeiiiie et 36
Table 8: Wellfield Blending Scenafio TWO ...........cccoiiiiiiiii e eiree s 37
Table 9: Wellfield Blending Scenario THIrEe .......ccoovvviiiece e 38
Table 10: Wellfield Blending Scenario FOUN ..o 39
Table 11: Wellfield Blending Scenario FIVe........cooo et sae 40
Table 12: Wellfield Blending SCenario SiX ..........ccocoeiceeevesiiiiis e eerive e e eeeen e 41
Table 13: Liquid Phase Granular Activated Carbon Capital Cost .........ccccoooocceeieenninnn. 50
Table 14: Liquid Phase Granular Activated Carbon Operation & Maintenance Cost.....51
Table 15: Liquid Phase Granular Activated Carbon Present Value Analysis................. 52

Table 16: Forced Draft Packed Column Air Stripper (Square Style) Capital Cost ... 66
Table 17. Forced Draft Packed Column Air Stripper (Square Style) Operation &
MaINtENANEE COSE ... i en e e s 67

Table 18: Forced Draft Packed Column Air Stripper (Square Style) Present Value
ANAIYSIS ..o e ettt e ere 68
Table 19: Forced Draft Packed Column Air Stripper (Cylindrical Style) Capital Cost ....69
Table 20: Forced Draft Packed Column Air Stripper (Cylindrical Style) Operation &
Maintenante Cost .ttt 70

Table 21; Forced Draft Packed Column Air Stripper (Cylindrical Style) Présent Value
Analysis

........................................................................................................................... 71
Table 22; Low-Profile Sieve Tray Air Stripper Capital Cost...........ooceeevviviceeeee e 72
Table 23. Low-Profile Sieve Tray Air Stripper Operation & Maintenance Cost............ .73
Table 24: Low-Profile Sieve Tray Air Stripper Present Value Analysis.......................... 74
Table 25: Treatment Alternatives SUMMANY.........ccooo i 75

Treatment Alternafives Assessment

Engineering Evaluation and Cost Estimate -v- August 2009
Forrest City, AR.



List of Pictures

Photo 1: City of Forrest City Water Treatment Plant #1 and Wellfield SHe .........ovevv.n 11
PROto 2: Well B A e e r e eas 12
PROtO 30 WRITHZ ..ot et et ste s et e e e b s see s s ebnen e srnans 13
Photo 4: Well 3. .. ettt ee e s sbs e e ens 13
Photo 5: Wl #4A .......ovvoorveeivenseeee s eevrenirees e e e 14
Photo B: WEH S ...t ettt et e e aeessevesaane st ennees 14
Photo 7: Well #6 or #7 {(Similar Construction) ...........ccccoc e 15
Photo 8: Forrest City, AR Water Treatment Plant #1 (Sanyo Road). (View looking east)
......................................................................................................................................... 18
Photo 9: Aeration Basin and Solids Contact Unit (View looking northwest)................... 19
Photo 10; Water Treatment Plant #1 (North EIevation)............ocoovoveoeoeeeeeeeeeereene. 19
Photo 11. Multi-Cone Aerators...........ccc.oovnenl ettt et e e e enanae e e e rnrans 20
Photo 12: Solids Contact Unit ..ot 21
Photo 13: Alum and Lime Feeders.............occoo i 22
Photo 14: Recarbonation Basin .........ccccoi i e e e 23
Photo 15: Gravity Dual-Media Filters ... ..o, 23
Photo 16: Gravity Filter Piping Galley ..............cooveevevreerereeereerene. ettt 24
Photo 17: Gravity Filter Filter Effluent Line ... 24
Photo 18: High Service PUMPS ...t er e e e 25
Photo 19: Chlorination EQUIPMENt ... e 26
Photo 20: FIUOTdE FEed EQUIPIENt -......ooooooooo oo e 26
Photo 21: Backwash Wastewater/Sludge Holding Cell.................ocoii s 28
Photo 22: Screenshot of SCADA SYSEM .........cociiiiiiieeeeeee et re e eanas 28
Photo 23: Proposed Location of GAC UNS......... ..o, 49

Photo 24: Proposed Location of Air Stripper TCE Removal Units

Attachments
NONE

Treatment Alternatives Assessment
Engineering Evaluation and Cost Estimate -vi- August 2008
Forrest City: AR.



1 INTRODUCTION

A request was made by U.S. Environmental Protection Agency (U.S. EPA), through an
Interagency Agreement (IAG) (#DW-96-95045501-Addendum 3 to Scope of Work) between the
EPA and the U.S. Army Corps of Engineers (USACE), to provide a basic engineering
investigation and evaluation of applicable treatment alternatives for Trichloroethene (TCE)
treatment at the City of Forrest City, Arkansas Water Treatment Plant (WTP) #1. Water
supplied by four {4) of the seven (7) wells serving this plant have had historical detections of
TCE contamination since February 2001 until present. The TCE concentrations at existing wells
No. 1A and No. 5 have caused the Forrest City WTP finished water quality to exceed the
Maximum Contaminant Level (MCL) for TCE in drinking water of 5 micrograms per liters (ug/L)
or part per billions (ppb). '

The intent of this report is to furnish the stakeholders of the Forrest City Water Utility a
document to assist them in decision-making, fiscal and logistical planning for implementation of
recommendations suggested herein to bring the water supplied by WTP #1 within regulatory
compliance for TCE concentration. The recommendations in this report are made to address
the best TCE treatment option in terms of cost, applicability and compatibility with the existing
physical and chemical unit operations at the Forrest City WTP #1. This report is a summary of
the review and evaluation of the best and commonly used TCE removal technologies applicable
to systems of this type.

A site visit and review of the system components, as well as coordination and
conversations with the Forrest City Water Utility Staff and City Engineer was an integral effort in
completing this evaluation. Recommendations made in this report are intended to be consistent

with the objectives of the City of Forrest City in providing the best water quality possible to the
residents and concerns of that community.

2 EXISTING CITY OF FORREST CITY WATER SYSTEM DESCRIPTION

2.1  Wells/Water Treatment Plants

Forrest City's Water is supplied from three different well fields each with a separate
water treatment plant. The water treatment plants are referred to as Water Treatment Plant #1
(Sanyo Rd), Water Treatment Plant #2 (Division Street) and Water Treatment Plant #3
(Northwest of Federal Correctional Institution-FCI). All three plants provided at least
chlorination and fluoridation of the groundwater supplied to them. The City of Forrest City's
current total water supply capacity is approximately 13.0 MGD. Water Treatment Plant #1
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provides the largest portion of this capacity, with groundwater well capacity of up to 7.78 MGD,
which represents almost 60% of the total water supply for Forrest City. Water Treatment Plant
#2 and Water Treatment Plant #3 provide the remainder of the water supply capacity of 2.66
MGD and 2.88 MGD respectively. Only the water produced from the wellfield serving Water
Treatment Plant #1 has had any historical or recent detections of TCE contamination. A
summary of the City of Forrest City Water System Capabilities as provided by the City Engineer
is summarized in Table 1: Water System and Capacities.

Table 1: Water System and Capacities

eema:%szm. 7 %;Rasxzﬁsa;%
Water Plant #1
7 7.78 5.83 6.77 5.08
(3120 Sanyo Rd.)
Water Plant #2
ter Plan 4 2.66 2.00 432 3.24
(1400 N. Division St.)
Water Plant #3
1 2.88 2.88 2.88 2.88
(NW of FCI)
Summary 12 13.3 10.0 13.97 10.48

Note: 1. Firm Capacily is calculated by the Arkansas Department of Health as 75% of Total Capability

2.2  Water Distribution/Storage

The Forrest City water distribution system is served by five (5) water storage facilities
located in three (3) separate pressure zones that establish the delivery pressure in the system.
Pressure Zone 1 is served directly by the high service pumps from Water Treatment Plant #1,
the 1.60 MG Kittle Road Standpipe Tank and the 1.0 MG Fletcher Road Standpipe Tank as well
as the Federal Prison elevated storage tank. Overflow elevation of the standpipes is 442 MSL.
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Pressure Zone 2 is established by two 1,000 gpm booster pumps and the 200,000 gal
Kittle Road elevated water storage tank. QOverflow elevation of the elevated storage tank is 505
MSL. Pressure Zone 3, which covers the rural area outside the City, is established by two 250
gpm booster pumps and the 100,000 galion Newcastle Road elevated water storage tank with
an overflow elevation of 542 MSL.

Part of the water distribution of the Forrest City Federal Correctional Institution is directly
supplied by Pressure Zone 1 and another part by the 750,000 gallon Prison elevated water
storage tank. Well 10 supplies Water Treatment Plant #3. The operating pressure of this
system is established by the water levels of the Prison tank and the well pump. A’‘summary of
Forrest City Water Storage Facilities is provided in Table 2;: Water Storage Facilities.

Table 2: Water Storage Facilities

i i

Pressure Zone1

Kittle Rd Standpipe 1.6 387 -442 432 441
Fletcher Standpipe 1.0 369 - 442 436 441
2525-2625
WP #1 Clearwell | 0.21 (21.002 galff) 258 262
: 255 - 274
WP #2 Clearweli 0.10 (30 ft diameter) 270 273
Prison Tank 0.75 240.5 - 426.5 407.5 426

Pressure Zone 2- served by two (2) 1,000 gpm pumps

Kittle Rd Elevated 0.20 396- 479/505 501 504

Pressure Zone 3- served by two (2) 250 gpm pumps

Newcastle Rd Elevated 0.10 418 - 518/542- 537 541
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3 CITY OF FORREST CITY. WATER TREATMENT PLANT # 1 (WTP #1) &
WELLFIELD

3.1  Location ,

The City of Forrest City WTP #1 is located on the northern edge of the City at the
northeast corner of Eldridge Road and industrial Road, just north of interstate 1-40. The
physical address is 3120 Sanyo Road. The seven (7) wells serving WTP #1are located south
and west of the treatment plant and just north of Interstate 1-40. A site plan indicating the
location of the plant in relationship to the wells is provided in Photo 1: City of Forrest City
Water Treatment Plant #1 and Wellfield Site.
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Photo 1: City of Forrest City Water Treatment Plant #1 and Wellfield Site
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3.2  Water Supply and Quality
3.3 Wellfield

Seven production wells (Wells Nos. 1A, 2, 3, 4A, 5, 6, and 7) provide the water supply to
the Forrest City WTP #1. Wells No. § and 7 are also designed to by-pass the Plant and to
pump directly into the water distribution system during an emergency condition. Each of the
wells is equipped with a vertical turbine pump and associated discharge piping and valves.
Photographs of the wells serving Water Treatment Plant #1 are provided below:

Photo 2: Well #1A
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Photo 3: Well #2

Photo 4: Well #3
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Photo 6: Well #5
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Photo 7: Well #6 or #7 (Similar Construction)

The total well water supply capacity is 7.78 MGD. The Plant maximum pump capacity is
about 6.77 MGD (with the three HS pumps operating). During normal operation, one HS pump
is offline, allowing the Plant to operate up to 5.0 MGD, which is equivalent to about five wells
operating at 700 gpm each.

3.4  General Groundwater Quality

A recent analytical water quality test performed in March 2009 indicates that the
hardness level of the groundwater produced by this wellfield has. increased from the. initial
sampling done in 1975 of 100 mg/l (as CaCO3) to 212 to 352 mg/l (as CaCO3). This most
recent sampling event also indicates that the Iron and Manganese levels are below the required
maximum contaminant levels (MCL'’s) for secondary water drinking standards. The pH of the
groundwater was about 7.1. A summary of the March 2009 sampling event is provided in Table
3: General Water Quality Data below:
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Table 3: General Water Quality Data

W4A 344 344 0.005 <0.01 416 <1
W5 252 274 0.005 0.033 344 <1
W6 362 352 0.005 <0.01 424 <
W7 328 - 328 0.005 <0.01 416 <1
Method SM 2320B SM 2340C EPA 200.7 EPA SM18™ 2540 D | SM 187 2540 D

‘conducte

EEee e

3.5  Groundwater TCE Contamination

Groundwater analytical data from February 7, 2001 to May 5, 2009 sampling events
indicates the occasional presence of TCE contamination in water samples from existing wellis
(#1A, #2, #3, and #5) serving Water Treatment Plant #1. As a result, finished water produced
from WTP #1 has also contained some level of TCE contamination. TCE concentrations of
finished water from WTP #1 have exceeded the MCL of 5 ug/L for TCE occasionally since 2002.
See Table 4: Historical TCE Testing Results for a summary of past testing results.

The only consistency in this data is that Wells #4A, #6 and #7 have not demonstrated
any detectable levels of TCE contamination. Wells #2 and #5 have exhibited the largest
concentrations of TCE with maximum concentrations of 54 ug/l. and 36 pg/L, respectively.
Maximum TCE concentrations in Well #1A have been below 9 ng/L and Well #3 has been just
below the 5 pug/l. MCL.

'Experience of the staff at Water Treatment Plant #1 has shown that TCE concentrations
appear to .vary significantly depending upon the wells pumping. Wells not pumped for some
time appear to retreat to below MCL or non-detect levels, while contaminated wells pumped

appear to increase in concentration over time as they are pumped.
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Table 4: Historical TCE Testing Results
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3.6 Water Treatment Plant #1

3.6.1 General Description
Water Treatment Plant #1 (WTP #1) was built in 1973 and was intended to serve as a
softening plant for the groundwater produced by the wellfield providing the source. The
following photographs depict the exterior of WTP #1.

Photo 8: Forrest City, AR Water Treatment Plant #1 (Sanyo Road). (View looking east)
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EXISTING TREATMENT
TBUILDING

. 3

DUAL MEDIA 1RGH SERVICE PUMPS. ,

=

Photo 10: Water Treatment Plant #1 (North Elevation)
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Equipment comprising the plant consists of two Infilco Multicone aerators (see Photo 11:
Multi-Cone Aerators), a solids contact unit (see Photo 12: Solids Contact Unit), dry chemical
feeders for lime and alum addition (see Photo 13: Alum and Lime Feeders), a recarbonation
basin {(see Photo 14: Recarbonation Basin), three dual-media rapid sand/anthracite filters (éee
Photo 15: Gravity Dual-Media Filters, Photo 16: Gravity Filter Piping Galley and Photo 17:
Gravity Filter Filter Effluent Line), a 220,000 gallon finished water clearwell and three high
service (HS) vertical turbine pumps (see Photo 18: High Service Pumps). The plant also

includes chlorination and fluoridation equipment {see Photo 19: Chlorination Equipment and
Photo 20: Fluoride Feed Equipment).

Photo 11: Multi-Cone Aerators
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Photo 13: Alum and Lime Feeders
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Photo 15: Gravity Dual-Media Filters
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Photo 17: Gravity Filter Filter Effluent Line
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Photo 18: High Service Pumps
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Photo 20: Fluoride Feed Equipment
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WTP #1 was originally designed as a lime softening plant rated for 3.0 MGD in
anticipation of increasing hardness levels in the groundwater as the formation was pumped over
time. The initial hardness of the original four (4) wells constructed in the wellfield was about 100
mg/l {or parts per million, ppm) calcium hardness. Experience in the geographical area for
pumping from this aquifer suggested during design that this level would increase over time to a
level that would necessitate softening. Although chemical addition (lime and alum) was never
used at this plant, the entire groundwater flow produced was hydraulically routed through the
plant process units until sometime in 2004. At that time, with hardness levels at increased but
acceptable levels, flow was diverted following the aeration process around the solids contact
unit, recarbonation basin and filters directly into the clearwell. Current hardness levels are
approximately 300 mg/l. -

The plant currently provides aeration through the aerators, chlorination for disinfection
and fluoridation for dental caries (tooth decay) prevention. Operated in this manner the plant is
capable of handling a hydraulic capacity of 5.0 MGD according to Water Utility Staff. Under
current aperation, the plant uses approximately 20 lbs of chlorine per day for treating 2.5t0 3.0
MGD (2,100 gpm) for disinfection. Free chlorine residual at the plant effluent is maintained at
about 1.0 mg/l in order to maintain a 0.6 mg/l residual throughout the water distribution system.

Finished water in the plant clearwell is pumped by three constant speed high service
(HS) vertical turbine pumps to the water distribution system. Two of these pumps have a rated
capacity of 1,300 gpm (100 HP motors) each. The third pump is rated for 2,100 gpm (200 HP
motor). WTP #1 operation and high service pump control are both based upon maintaining
water levels in the 1.0 MG Fletcher Road Ground Storage Standpipe.

Provisions for backwash water storage and sludge holding is provided in the adjacent
holding cell depicted inPhoto 21. Backwash Wastewater/Sludge Holding Cell.

A supervisory control and data acquisition (SCADA) system is used to operate and Qiew
the status of the City of Forrest City water system. The centralized system is located at WTP#1.
A screenshot of the control map is provided in Photo 22: Screenshot of SCADA System.
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3.6.2 - Well Transmission Line and Water Treatment Plant Hydraulics
Groundwater from the wellfield serving WTP #1 is pumped by a vertical turbine pump
arrangement located at each of the seven (7) active wells through a common transmission line

routed to the piant. The size of the transmission line increases as more wells are combined, .
eventually becoming an 18-inch line entering the WTP #1 site from the north. Record drawings
indicate that a 24-inch raw water influent line is constructed to the influent metering pit, allowing
for planned (at the time of design) future wellfield and treatment plant expansion. ‘

The well pumps and transmission line were designed to provide adequate hydraulic
head (pressure) to enter the multi-cone aerators. Downstream treatment process componénts
{solids contact unit, recarbonation basin, and filters) are then fed by gravity by the hydraulic
head created in the aeration basin following passage through the aerators. Filtered water gravity
flows directly into the finished water clearwell located below the filters.

Understanding that any evaluation of potential treatment alternatives for TCE
removalireduction would require a better understanding and determination of the pressure that
can be delivered to the influent of the plant,-a quick evaluation of the well pump and
transmission hydrautics was undertaken during this effort. A procedure for conducting a series
of hydraulic test conditions was developed with the Water Utility Staff and City Engineer and the
Omaha District Corps of Engineers. This process consisted of a staged approach to turning on
(and turning off) successive well pumps and creating artificial head {(by incrementally closing
valves in the influent metering pit) and measuring both flow and pressure delivered at the
influent to the plant. Plant influent flow is measured by a venturi meter located approximately 30
feet upstream of a pressure gauge just upstream of a tee connection to the two existing
aerators. This procedure was performed to create a hydraulic capacity curve for the wellfield
and the transmission line. Pressure at the valve pit upstream of the existing aerators was
recorded for each scenario. The static pressure from the gauge to the top of the aerators
overflow is 25.45 feet. A schematic diagram of the piping arrangement is depicted in Figure 1:
Schematic of Existing Transmission Line Piping to Aerators.
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Figure 1: Schematic of Existing Transmission Line Piping to Aerators

The results of this field-collected data are provided in Table 5: Transmission Line
Hydraulic Testing Results. These results are graphically illustrated in Figure 2. Water
Treatment Plant #1 Transmission Line Hydraulics and Figure 3: Water Treatment Plant #1
Transmission Line Hydraulics (Wells Operated Independently). .
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This information provides a basis for determining the maximum available head (without
providing additional pumping) for potential TCE treatment processes if they were to be located
at the headworks of the plant. As later discussions in this report will address, this particular
location may not be the best location for the technologies recommended if water softening
becomes necessary to allow these technologies to function without interference/maintenance
issues with scaling due to hardness. Other locations proposed in this report for these TCE
treatment technologies potentially provide better adaptation to incorporating the softening
process as originally designed, while facilitating the current (non-softening) bypass mode
currently implemented.

Valves Turns From ' .
Full Closed 33 1" 24.75 8.25 16.5 55 8.25 2.75
PSI FT GPM PSI FT GPM PSi FY GPM PSt FT GPM
Well
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7 Op112 | 269 | 748 | (M2 1 289 . 789 [ 138 | 319 : 728 |

76 | 118 1 272 | 153 L 1532 | 118 | 275 | 1836 | 192 1 443 ! 1303
75 | 120 | 277 ! 282 120 ] 27.7_““17 2358 | 125 | 289 | 2345 ! 282 | 605 |

Procedwe2 7.4 | 122 | 282 | 3175 | 122 | 282 : 3168 | 132 : 305 | 3151 | 326 ' 753 | 2374

73 | 124 | 288 1 3000 | 124 | 286 ! 3900 | 139 : 321 | 3843 | 362 | 838 .| 2569

o = e e

731 Est {209 | 4303 | 125 | 288 | 4321 | 145 | 3365 . 4207 | 370 | 854 | 2603

7.0 F7127 7293 i 4841 | 129 | 208 [ apz8 | 154 345 | 4ges | 286 | sot | 286t

1 e

2 T8l
R - 861"
- Procedure3 4 | 1101 2641 904 | 110, 254 858
C s 1o {asa ) ese {14 288 B4z

6 |1t 288 1 e38 ) 110 L 254 - 818,

7 110 1 254 754 | 190 1264 . 747 .,

NOTE: 1 Foot = 2.309 PS!

Table 5: Transmission Line Hydraulic Testing Results
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WATER TREATMENT PLANT #1 TRANSMISSION LINE HYDRAULICS

City of Forrest City, Arkansas
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WATER TREATMENT PLANT #1 TRANSMISSION LINE HYDRAULICS
(Wells Operated Independently)
City of Forrest City, Arkansas
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Figure 3: Water Treatment Plant #1 Transmission Line Hydraulics (Wells Operated Independently)
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363 Existing TCE Reduction by WTP #1
Under the current operating mode of WTP #1, the aeration provided by the twin

“Multicone” aerators provides some, but marginal, reduction of the TCE concentration of the
plant influent. It is difficult to determine what the capability of that system provides in terms of
TCE reduction aé existing data is not comprehensive enough to establish all the operational
parameters and results. Based upon one recent test conducted by the City of Forrest City, with
only Well #2 operating, the f_ollowing results were found:

Table 6: Existing TCE Removal Performance

Upstream of Aerators (pre-aeration) 17.89
Post Aeration 8.60
Post Filtration 8.01

Assumed flowrate through plant of 780 gallons per minute (based upon transmission

line hydraufic testing results for operating Well #2 independently)

Under this particular scenario the calculated removal efficiency provided by the existing
aerators was 51.9%. This one result should not be considered predictive of performance under
any other operating scenario, particularly under increased flowrates or higher TCE influent

concentrations.
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4 NON TREATMENT ALTERNATIVE
4.1 Wellifield Blending

One potential management approach to dealing with achieving TCE MCL compliance at
Water Treatment Plant #1 might include blending of the flows delivered by the wells serving that
facility. To date only four (4) of the séven (7) current wells have shown TCE contamination.
Under this approach, and under certain demand and pumping conditions, blending wells with no
detectable levels of TCE with those with contamination (beginning with those having the lowest
contamination) may provide a blended flow that meets MCL requirements. Realizing that there
are an infinite number of possible flow demand scenarios and inconsistent TCE concentrations
in the wells, this approach can be difficult to manage and likely not applicable in covering the
entire water demand range and well operating scenarios. Current plant operation utilizes one
variant of this method as only the non-contaminated wells are pumped. This mode of operation
is satisfactory when water demands are at or below the capacity delivered by this combination
of wells (#4A, #6 and #7). '

The following information is a summary of only several of the infinite potential scenarios
that could exist in operating the wellfield. These are provided to illustrate the effect of blending
well flows (at various flowrates) at various levels of TCE contamination. The predicted values

represent the expected blended flow concentration of TCE to the influent of WTP #1, upstream
of any treatment process (existing or proposed).

NOTE: it must be noted that these predictions do not consider the hydrogeology
impacts and the resuiting movement of the contaminant plume that may result from the
pumping scenarios evaluated. Groundwater modeling and contaminant plume tracking
is a critical éomponent in utilizing this non-treatment method, and as such may
significantly impéct the success of this option.
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Scenario One examined pumping all seven (7) wells each at their design pumping rate
and assuming the highest historical TCE concentration measured for each of the four (4)
contaminated wells. Results from this scenario indicate that the blended plant influent will be
greater than the current MCL for TCE. Therefore for conditions similar to this scenario,
treatment will be required to reduce the finished water TCE concentration to meet the MCL. A
summary of this scenario is provided in Table 7: Wellfield Blending Scenario One below:

Table 7: Wellfield Blending Scenario One

. R _ TeE
Design . Design - ) TCE Weighted
Pumping . Pumping Scenario  Scenario Flow* . Mass Mass
Well No,.  Rate (gpm) Rate (MGD} Flow" (gpm)} .- (MGD) TCE {ppb) TCE {(mgil) (Lbs) (ppb*gpm}
W1A 600 0.86 600 0.86 8.6 0.0086 0.0620 5160
w2 800 115 800 1.15 54.33 0.0543 0.5220 43464
Wi 800 1.15 800 1.15 4.93 0.0049 0.0474 3944
WiaA 800 1.15 800 1.15 0 0.0000 0.0000 0
w5 800 1.15 800 115 36 0.0360 0.3459 28800
W6 800 1.15 800 1.15 0 0.0000 Qo000 - D
W7 800 115 800 1.15 0 0.0000 0.0000 0
Total Flow 5400 7.78 5400 7.78 0.9772 81368
Blended ] ’ ‘ ] :
TCE L . 15.07**

* Based on Design Pumping Rate- Information dated October 2008 from Forrest City Water Utilities -General Manager
* *Blended TCE concentration based on the total pumping Flow of 7.78 MGD (5400 gpm) prior to the existing Aerators

Biended WTP#1 Well Field TCE Concentration 0977197133 |bs 81368

7.78 MG 5400

0.125668356 Ibs/MG
15.07 ppb 15.07
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Scenario Two examined pumping all seven (7) wells, each at their actual pumping rate
as determined by the transmission line hydraulic testing, and assuming the highest historical
TCE contamination for each of the four (4) contaminated. Results from this scenario also
indicate that the blended plant influent will be greater than the current MCL for TCE. Treatment
will be required at WTP #1 to reduce the finished water TCE concentration to meet the MCL. A
summary of this scenario is provided in Table 7;: Wellfield Blending Scenario One below:

Table 8: Wellfield Blending Scenario Two

TCE ]
Design Design o . ~ TCE Woeightad
Pumping Pumping Scenarioc  Scenario Flow* . ~ Mass ~Mass
Woll No. _ Rate (gpm) Rate (MGD} Flow* (gpm}) {MGD) TCE (ppb) TCE (mgiL) . (Lbs) . (ppb*gpm)
W1A 600 0.86 403 0.58 8.6 0.0086 0.0416 3465.8
w2 800 1.15 538 0.77 54.33 0.0543 0.3510 29229.54
W3 800 1.15 725 1.04 4.93 0.0049 0.0429 3574.25
WAA 800 118 813 147 g 0.0000 0.0000 0
w5 800 1.15 828 1.19 38 0.0360 0.3580 29808
We 800 1.15 786 1.13 0 0.0000 0.0000 0
w7 800 1.15 741 1.07 0 0.0000 0.0000 0
Total Flow 5400 7.78 4834 6.96 0.7936 _ 66077.59
— Blended . } o i
TCE 13.67" -

* Based on Hydraulic runs made by Forrest City Water Ulilities -tfated January 2006
* Blended TCE concentration based on the tofal pumping Flow of 5.6 MGD (4834 gpm) prior fo the existing Aeralors

Blended WTP#1 Well Field TCE Concentration

0.793565425 Ibs 66077.59
6.96 MG 4834

0114002296 ibs/MG
U387 b 13.67
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Scenario_Three examined assumes pumping all seven (7) wells, each at their actual

pumping rate as determined by the transmission line hydraulic testing, and assuming a TCE

contamination of 36 ppb for each of the four {4) contaminated wells. This concentration is used

because it is the highest concentration of TCE for Well #4A. This well was used because it has

been the most consistent in historical TCE concentrations.

Results from this scenario also indicate that the blended plant influent will be greater

than the current MCL for TCE. Treatment will be required at WTP #1 to reduce the finished

water TCE concentration to meet the MCL. A summary of this scenario is provided in Table 9:

Wellfield Blending Scenario Three below:;

Table 9: Wellfield Blending Scenario Three

o - - - - ] TCE - |
Design : Design e o TCE - Waighted
. Pumping ~Pumping Scenario: Stenario Flow* - - o . Mass’ Mass -
Well No.  Rate (gpm)} Rate (MGD} Flow*(gpm) © {(MGD) - TCE(ppb)' TCE (mgiL)  (Lbs) (ppb*gpm}
W1A 600 0.86 403 0.58 36 0.0360 0.1742 14508
w2 800 1.16 538 0.77 36 0.0360 0.2326 19368
w3 800 1.15 725 1.04 36 0.0360 0.3135 26100
WA4A 800 1.15 813 1.17 0 0.0000 0.0000 0
W5 800 1.15 828 1.19 36 0.0360 0.3580 29808
W6 800 1.15 786 1.13 0 0.0000 0.0000 0
W7 800 1.15 741 1.07 V] 0.0000 0.0000 0
Total Flow 5400 7.78 4834 6.96 10783 89784
[ Blonded ? ' - : T : ‘
" TCE .. 18.57*

* Based on Hydraulic runs made by Forrest City Water Utilities -General Manager dated January 2006

* Blanded TCE concentrafion based on the fotal pumping Flow of 6.98 MGD (4834 gpm) prior to the existing Aerators

1. Blended Well Field Flow TCE Concentration
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1.078269926

6.96

154902474
1857

lbsMG

89784 ppb*gpm
4834 gpm

18.57 ppb
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Scenario Four evaluates a blended flow TCE concentration when operating the WTP#1
at the current 5.0 MGD peak flow limited by the existing hydraulics. Under this scenario all non-
contaminated wells (#4A, #6 & #7) would be operated at their design flowrate (approximately
2,400 gpm or 3.456 MGD). The remainder of the grbundwater (1,072 gpm or 1.544 MGD)
would need to be supplied by wells that are contaminated. The management approach would
be to pump the greatest flows from the least TCE contaminated wells. For this scenario it was
again assumed that all wells would have a TCE concentration of 36 ppb. In that instance no
preference would be made to which contaminated wells would be pumped first (they are all
equally contaminated).

Results from this scenario also indicate that the blended plant influent will be greater
than the current MCL for TCE. Treatment will be required at WTP #1 to reduce the finished
water TCE concentration to meet the MCL. A summary of this scenario is provided in Table 10:
Wellfield Blending Scenario Four below:

Table 10: Wellfield Blending Scenario Four

: * TCE
Design Design TCE Woeighted
Pumping Pumping Scenario  Scenario Flow* Mass Mass
Well No. Rate {gpm)} Rate (MGD) Flow" (gpm) (MGD) TCE (ppb) TCE (mg/L} - (Lbs) {ppb*gpm)
W1A 600 0.86 0 0.00 36 0.0360 0.0000 0
w2 800 1.15 800 1.15 36 0.0360 0.3459 28800
W3 800 1.15 0 0.00 36 0.0360 0.0000 0
WA4A 800 1.15 800 1.15 0 0.0000 0.0000 0
w5 800 1.15 275 0.40 36 0.0360 0.1189 9500
weé 800 1.15 80O . 115 0 0.0000 0.0000 0
w7 800 1.15 80O 1.15 0 0.0000 0.0000 0
Total Flow 5400 7.78 3475 5.00 0.4648 38700
Blended
TCE ) 11.14*
* Based on Design Pumping Rate- Information dated Qctober 2008 from Forrest City Water Utikties -Genaral Manager
* Blended TCE concentration based on the total pumping Flow of5.0 MGD (3475 gpmy) prior to the existing Aerators
1. Blended Well Field Flow TCE Concentration = (0.464771520 Ibs 38700 ppb*apm
5.00 MG 3475 gpm
= 0.09288 lbsfMG
= 1.14 ppb 1114 ppb
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Scenario Five evaluates a blended flow TCE concentration when operating the WTP#1 at the

current 5.0 MGD peak flow limited by the existing hydraulics, same as for Scenario Four.
Scenario Five also assumes pumping all non-contaminated wells (#4A, #6 & #7) at their design
flowrate (approximately 2,400 gpm or 3.456 MGD). The remainder of the groundwater (1,072
gpm or 1.544 MGD) would need to be supplied by wells that are contaminated. Unlike for
Scenario Four, Scenario Five assumes the highest historical TCE concentration measured for
each of the four (4) contaminated wells. Therefore the management approach would be to pump
the greatest flows from the least TCE contaminated wells.

Results from this scenario also indicate that the blended plant influent can be less than
the current-MCL for TCE. Along with Wells #4A, #6 and #7 (uncontaminated) operaiting at
design pumping rate, Well #3 could be operated at design pumping rate along with
approximately 275 gpm delivered from Well 1A. A summary of this scenario is provided in
Table 11: Wellfield Blending Scenario Five below:

Table 11: Wellfield Blending Scenario Five

, L TCE
Design Design TCE Weighted
Pumping Pumping Scenario Scenario Flow* - : Mass . Mass
Well No. Rate (gpm) Rate {MGD) Flow* (gpm) (MGD) TCE (ppb) TCE {mgil) {Lbs) (ppb*gpm)
W1A 600 0.86 275 0.40 8.6 0.0086 0.0284 2365
w2 800 1.15 0 0.00 54.33 0.0543 0.0000 -0
w3 800 115 800 1.15 4.93 0.0049 0.0474 3544
W4A 800 1.15 800 1.15 0 0.0000 0.0000 0
Ws 800 1.15 0 0.00 36 0.0360 0.0000 0
W6 800 1.15 800 1.15 o] 0.0000 0.0000 0
W7 800 115 800 1.15 0 0.0000 0.0000 0
Total Flow 5400 7.78 3475 5.00 0.0758 6309
Blended ' S R T
JCE : . .. 1.82**
* Based on Design Pumping Rafe- nformation dated October 2008 from Forrest City Water Ulikties -General Manager
“Blended TCE concentration based on the total pumping Flow of 5.0 MGD {3475 gpm) prior to the existing Aerators
1. Blended Well Field Flow TCE Concentration = 0.075768566 |bs 6309 ppb*apm
5.00 MG 3475 gpm
= 00151416  1bs/iMG
= 182 peb 1.82 ppb
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Scenario Six predicts the maximum theoretical hydraulic delivery that can be produced
by the wellfield and delivered to WTP #1 at or below the 5 ppb MCL for TCE. All four (4)
contaminated wells were assumed to be at the highest historical TCE contamination. Based
upon this analysis, it appears that approximately 5.93 MG could be delivered in a blended flow
to WTP #1. This scenario requires maximum pumping of the uncontaminated wells (#4A, #6
and #7) and operating the least contaminated wells #3 and #1A at their design pumping rates.
The additional flowrate produced by the next lowest contamination, Well #5, could be up to

approximately 320 gallons per minute in order to keep the blended flow at 5.0 ppb or less.

A summary of this scenario is provided in Table 12: Wellfield Blending Scenario Six

below:
Table 12: Wellfield Blending Scenario Six
T ‘ . TGE
-.- - Design: - Design . -7 TCE - . Weighted
Pumping Pumping . Scenario  Scenario Flow* . N Mass - - Mass
Wall No. ~ Rate (gpm) Rate (MGD) Flow" (GPM) (MGD) . TCE (ppb) TCE (mg/L)  (Lbs) {pph*gpm)
W1A 600 0.86 600 0.86 8.6 0.0036 0.0620 5160
w2 800 1.15 0 0.00 54.33 0.0543 0.0000 0
w3 800 1.15 800 115 4.93 0.0049 0.0474 3944
W4A 800 115 800 1.15 0. 0.0000 0.0000 0
w5 8G0 1.15 319 0.46 38 0.0360 0.1379 11484
Wi 800 1.15 800 1.15 0 0.0000 0.0000 0
w7 800 1.15 800 115 0 0.0000 0.0000 0
Total Flow 5400 7.78 4119 5.93 0.2473 20588
Blended . - -
TCE . 5.00
* Based on Hydrawlic runs made by Forrest Gity Wafer Utilifies -dated January 2006
* Blended TCE concentration based on the total pumping Flow of 5.96 MGL (4137 gpm) prior fo the existing Aerators
2. Blendad WTP#1 Wel! Field TCE Concentration = 0.247253645 |bs 20588
5.93 MG 4119
= 0.041685827 Ibs/MG
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It should be noted that these evaluations have not considered TCE reduction that
appears to be provided by the existing WTP #1 aerators. This removal efficiency, based upon
data provided by the Water Utility Staff, appears to be approximately 52 percent based upon an
influent TCE concentration upstream of the aerators of 17.89 ppb and a post aeration
concentration of 8.60 ppb. These results however are based only on Well #2 (approximately
776 gpm) operating at the time. TCE removals provided by the existing multi-cone aerator

' system are not considered to be predictable at higher influent flowrates.

It is apparent by the previous analysis that under certain groundwater pumping
scenarios achieving regulatory compliance with the TCE MCL is possible. The risk in relying on
this method is the variable effect that continued pumping of contaminated wells will have on the
TCE concentration produced by a given well. This method also may become less reliable over
time as the wellfield is pumped. Historical levels have had tremendous swings in concentrations
that appear to be related to how long a particular well is operated. Extended operation of a
contaminated well has not been performed to predict the long-term concentration trend. It is
apparent that resting a well has the effect of providing temporary reductions in TCE
concentrations.

In order to implement a management approach of this type it would be imperative that
individual flow meters be installed on each well pump as well as an appropriate flow control
device. Although flow control is not currently practiced, a valve would provide the simplest
method of control. Controlling flowrates with a valve however is not recommended because of

. the wasted electrical power costs. A variable frequency drive (VFD) installed on the pump
motor (integrated into the existing plant control system) wbuld be a much better solution for
throttling flow produced at a well. Electrical power is not wasted as the speed of the motor is
varied by the VFD to control the pump delivery from the well. Mare calibrated control of the
flowrates can be achieved by varying motor speeds (automatically if incorporated into plant
control logic) as compared to inducing headloss through a throttling valve.

Utilizing this method will also reduce the full potential of this supply/treatment system at
WTP #1. Maximum flows produced would be limited to meeting an MCL for TCE rather than
geological, hydraulic or treatment capacity that may provide additional capacity.

Another important consideration in utilizing this method is the increased analytical costs.
Groundwater management would require an appropriate frequency in testing to verify individual
well TCE concentrations as well as verifying the blended flow concentrations delivered to the
system.
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S TREATMENT ALTERNATIVES & DESIGN PARAMETERS

There are séveral commonly used unit treatment processes that can be utilized to
remove VOCs (volatile organic compounds), including TCE, from groundwater. These include:
adsorption, air-stripping, oxidation/biological and reverse osmosis processes. Two treatment
processes, carbon adsorption and air-stripping units are considered to be the most viable,
suitable and widely accepted for potable water treatment purposes. These two technologies
best meet the scale (design flows of the Forrest City system), common acceptance by the public
water regulatory community and provide efficient and predictable contaminant removal. Both of
these treatment processes have been evaluated for application at the Forrest City Water
Treatment Plant #1. The following evaluation consists of the examination of the feasibility of the
these processes in consideration of sizing, cost inciuding both construction and long-term
operation ‘and maintenance, advantages and disadvantages of the technology and
implementation specifically at the City of Forrest City WTP #1. The following design
parameters were assumed and used throughout this evaluation:

Design Flowrate to Treatment Process 3,475 gallons per minute
(5.0 MGD-based on stated
hydraulic capacity of existing WTP
#1)
Design Influent TCE Concentration 36 ppb (pg/
(based upon Well #4A, ‘most

consistent historical concentration)
Design Effluent TCE Concentration 5 ppb (nof)

{current MCL)

5.1 Carbon Adsorption System

51.1 General Technology Description
Adsorption, commonly using activated carbon as the adsorbent media, is known to be an
effective water treatment process for the removal of volatile organic compounds. The
adsorption process is a physical surface phenomenon where an adsorbate (the contaminant in
this case) is removed from the contaminated solution and held onto the surface of the adsorbent

Treatment Afternatives Assessment

Engineering Evaluation and Cos! Estimate -43 - ‘ August 2009
Forrest City, AR.



(activated carbon) by various types of chemical and physical forces present. The
contaminant(s) to be removed is adsorbed and held orito the surface (and interspatial surfaces
or pores) of the solid adsorbent until the adsorbent no longer has the ability to accumulate any
additional adsorbate. Granular Activated Carbon (GAC), specifically liquid phase carbon
adsorption, is what is most commonly used as an adsorbent due to it higher adsorptive capacity
to achieve reduction of certain organic chemicals (semi-volatile and volatile organics) and
chlorine compounds from contaminated waters. GAC is an effective adsorbent medium due to
its high surface area to volume ratio. Its surface area can range from 300 to 1200 square m%/g.
for typical commercial activated carbon.

Design considerations for this technology depend on a number of factors. These include
the physical and chemical properties of the carbon that relate to media performance, the nature
and concentration of the contaminant to be removed (as well as others also present) in the
influent stream, temperature and pH of the water, design flow rate, desired effluent
concentrations and applicable regulatory agency requirements. '

The life expectanéy ar effectiveness of the adsorbent media (GAC) depends upon the
adsorptive capacity of the media {quality of the media and its surface area to volume ratio), the
influent contaminant concentration of the influent water stream and the length of time the
influent stream is resident in the media bed. For a GAC unit, the removal of the organic
compound (TCE in this instance) is measured by the mass transfer zone and the breakthrough
capacity of the unit. Therefore, when sizing a GAC unit, consideration is given to the “mass
transfer zone”, which is the carbon bed depth required to reduce the influent stream
contaminant concentration to the required effluent stream concentration. The second design
factor is the “breakthrough capacity”, which is the amount of contaminant materiai adsorbed
(adsorbate) as the mass transfer zones moves through the carbon bed and reaches some final
concentration level. For typical water treatment applications (where an MCL or treatment goal
for an acceptable contaminant level is defined) the term breakthrough point is used to define the
point *at which adsorption is not occurring at an adequate level to reduce the influent
contaminant concentration to the desired effluent concentration. This “point” is USuaIIy
expressed in units of time (days), assuming a constant influent contaminant concentration and
influent flowrate through the media. When this point is reached the media is considered “spent”
and no longer providing the performance required to achieve the desired effluent quality. The
saturation capacity of GAC is achieved when adsorption of the contaminated no longer occurs
and the treated effluent contaminant concentration equals the influent concentration.

Typical breakthrough and saturation capacities for GAC media are based upon one
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contaminant present. Other contaminants present in the influent stream may impact the actual
performance of these units as they complete for sites on the carbon surfaces. When designing
these units, consideration should be given to the inorganic composition (such as iron,
manganese, and calcium salts or precipitates) of the water; since high levels could interfere with
the adsorption process. Water hardness also has an impact on the effectiveness of the
adsorption process as scaling or lime deposits tend to plug the media and the number of pore
sites available on the carbon. Depending on the levels and nature of these other contaminants
in the influent stream, pretreatment upstream of the GAC units may be required in the treatment
train to avoid issues impacting the performance of the adsorption process.

Another related design consideration when sizing GAC units, is providing for an
appropriate contact time in the media bed. The EBCT (empty bed contact time in minutes) is
estimated by the total volume of the activated carbon bed divided by the liquid flow rate through
the media. Typically an EBCT contact time of 15 to 20 minutes is normally adequate for
drinking water systems.” Increasing the contact time (by providing additional media in the
treatment vessel) will increase the bed life or service time of the carbon, therefore decreasing
the activated carbon usage rate. However, the increase of the EBCT or bed depth at a constant
hydraulic application can impact the treatment cost. The capitol cost of the treatment unit may
be greater if larger treatment vessels are required to hold the additional GAC media. Offsetting
this increase may be a reduction in the operation costs if less frequent spent carbon removal
and fresh carbon replacement is required because of the additional media provided.

- In some cases, in order to better design, predict and evaluate how long the carbon
media will effectively function, a pilot study may be recommended. A pilot study could be easily
done by running one unit for a period of time to demonstrate that the chosen carbon type
effectively removes the TCE to the desired effluents levels and to verify if additional
pretreatment is required at the plant to reach desired levels of quality before treatment

continues. Depending upon vendor recommendations, modeling and/or bench scale testing
may be performed.

51.2 Advantages/Disadvantages

Advantages:

One of the main advantages of carbon adsorption is the simplicity of operation that this
process provides and the rapid implementation of these systems. These units are typically
constructed of a welded-steel vessel (pressure tank) and look very similar to a common
pressure filter tank. However, unlike pressure filters, operational reduirements are reduced (i.e.
backwashing). Multiple vessel installations are common and standard piping connections easily
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facilitate operation in parallel or series {(or combinations of both') to achieve the required
treatment objectives and media service life. There are many commercial entities that can
supply the equipment for this technology and who will provide follow-up carbon removal and
replacement services. '

This technology can be utilized in cold weather climates without enclosing within a
building as long as the flow is continuous or frequent enough to avoid freezing. The footprint of
the treatment process will depend upon the size and number of the units required. Space

between the units is typically not excessive, providing adequate allowance for piping and access
to the vessels for carbon removal and replacement operations.

Disadvantages:

Granular activated carbon adsorption systems need to be serviced periodically for
general maintenance but more importantly to provide fresh carbon when the carbon media is
spent. Carbon removal and replacement (andfor regeneration) in exchange for fresh carbon is
an operation and maintenance cost for this type of system that may have a substantial impact
on its life-cycle cost and acceptance over other applicable technologies. The cost for disposal
of the saturated or "spent” activated carbon can be quite high depending upon the classification
of it as a waste. Regeneration of the spent media on-site is rarely economically advantageous
because of the cost of the thermal equipment required to destroy the contaminants held on the
media surfaces.

Off-site removal is more common for these systems as media vendors typically either
dispose or regenerate the media off-site. The cost for off-site removal and handling can vary
depending upon the vendor. The cost for removal and off-site handling and ultimate disposition
will depend upon whether the spent carbon becomes a listed or regulated hazardous waste
under the Resource Conservation and Recovery Act (RCRA). If the spent carbon used at the
site is considered a listed hazardous waste or shows RCRA hazardous characteristics, or
exceeds the toxicity test levels, the waste disposition costs increase.

Common GAC units operate under a closed vessel pressure condition. As a result, a
pressure headloss is created as the flow passes through the media confained in the vessel.
© This pressure loss, plus any upstream piping/valving headlosses and the pressure required
downstream of the process unit, must be provided at the inlet to the GAC unit. If this pressure
loss is greater than What the existing system can accept or facilitate, a booster pump may be
necessary {o provide the additional préssure to pass the water through the carbon adsorbers or
an alternate locations be identified for the GAC units in thé overall treatment train.
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51.3 Applicability to the City of Forrest City WTP #1

5.1.3.1 Design Considerations

For this evaluation several GAC vendors were consulted to determine preliminary sizing
of a carbon adsorption treatment system that would satisfy the requirements of the City of
Forrest City Water Treatment Plant #1 conditions. Based upon the design flow of 5 MGD (3475
gpm), an influent concentration of 36 ppb of TCE and an 5§ ppb or less effluent TCE
concentration, the required GAC system would Iikely- consist of at least ten (10) liquid phase
carbon vessels (plus two (2) extra to serve as an additional train for back-up operations),
totaling 12 units. Each vessel would be loaded with 20,000 pounds of virgin grade NSF-
approved carbon.

The ten (10) primary vessels would be designed to operate as five (5) parallel trains of
two (2) vessels in series. Assuming an equal distribution of the total influent flow (3,475 gpm)
each of the five (5) parallel trains would be treating 695 gpm. This arrangement will provide and
empty bed contact time (EBCT} of 15.69 minutes.

With two (2) vessels operating in series for each of the five (5) paralle! trains, a total of
40,000 lbs (2 vessels at 20,000 Ibs per vessel) of GAC media is estimated to have a
breakthrough point of 550 days when operating continuously at the 695 gpm spilit flowrate. This
breakthrough point translates to a treated volume capacity of 550,440,000 gallons for each train
before the treated effluent would not achieve the 5 ppb MCL. In other words, the total media
capacity contained in all of the 10 vessels can treat approximately 550 MG to levels below the

| MCL. The average carbon usage rate would be approximately 364 Ibs per day or 11,060 Ibs
pér month. '

Typically the first of the two vessels in series will experience breakthrough first (since it
treats the highest concentration of influent). It is estimated that the breakthrough point on the
first vessel will be 220 days. While it is not necessary to change out the media at that particular
time (as the second vessel in series removes the TCE that the first vessel no longer has the
capacity to achieve), most installations implement carbon removal and replacement of fifty
percent (50%) of the vessels at approximately mid-cycle of the overall breakthrough point. This
procedure provides a more consistent and balanced approach to media replacement rather than
mass removal and replacement of the entire system at the end of the total breakthrough point
cycle. The average remaining life of the media available is much more uniform and the cash

flow costs for media replacement are spread out more evenly. Therefore approximately

Treatment Aliernatives Assessment
Engineering Evaluation and Cost Estimate - 47 - August 2009
Forrest City, AR.



100,000 pounds of the 200,000 pounds of GAC would be removed and replaced every 275 to
300 days. ‘

It should be noted that estimates for these operating and media replacement cycles are
based upon a constant influent flowrate and ihﬂuent TCE concentration. Increasing the flowrate
or treating a higher concentration of influent TCE will shorten the breakthrough point as the
media is exhausted quicker. The opposite is true if the influent flowrate or influent TCE
concentration decreases because the media will be exhausted at a slower rate.

The previous discussion also assumes that the effectiveness of the carbon media is not
significantly impacted by other constituents in the influent flow stream. As identified previously
other chemicals and compounds have an affinity for carbon and may compete with the removal
of the TCE. Influent water hardness may also be a factor, however as discussed later the
proposed location for the GAC system is downstream of the treatment processes that are
available at WTP #1.

5.1.3.2 Location/Logistics

Implementation of GAC treatment for the removal of TCE at the City of Forrest City
WTP#1 can be easily accommodated. This process could be inserted into the existing WTP#1
process scheme in more than one location; however the proposed location that provides the
most flexibility, least impact to the existing plant and requires less ancillary equipment to support
is immediately downstream of the high service (HS) pumps, just prior to entering the water
distribution system. This location provides a number of benefits including allowing maximum
benefit of the existing WTP#1 unit treatment processes. The GAC unit would be located
downstream of all the process equipment. Therefore if pilot scale testing of the GAC is
conducted and watér softening is required or necessary for carbon adsorption to work efficiently,
the existing WTP#1 equipment could be utilized to provide this hardness reduction.

There is a hydraulic pressure loss (in the range of 2 to 15 psi depending on the flowrate
and the unit configuration (paraltel or series)} as water passes through the media and the height
of the vessels is approximately 20 feet. This static head and operating headloss is greater than
what the existing hydraulic profile (gravity flow conditions) of the water treatment plant can
deliver to insert the GAC units within/between the existing processes. As a result, a pump
would be required to incorporate the GAC units anywhere else in the plant flow scheme.

lLocating the GAC units just north of the high service pump room (see Photo 23:
Proposed Location of GAC Units) is the proposed physical location. Each unit is approximately
10 feet in diameter. Allowing a 5 foot clearance around each tank would require a site that is
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approximately 40 feet by 100 to 120 feet (providing an allowance for a stand-by pair of vessels).
A physical connection to the water line exiting the high service pump room would be proposed
to connect to a manifolded influent line to the GAC system. Another connection downstream
would be made to accommodate the GAC manifolded effluent line connection to the water main
leading to the water distribution system. A valve (normally-closed) between these connections
would provide a GAC system by-pass.

‘ DUAL MEDIA HIGH SERVICE FUMPS
o1 " CHEMICALSTORAGE & FILTERS \
SOLIDS “FLUORIDE & CHLORINE
CONTACT. UADDITION
UNIT . 4

o

Photo 23: Proposed Location of GAC Units

5§14 Cost Evaluation
The fellowing tables provide an opinion of probable cost for Capital Costs and Cperation
and Maintenance Costs for this alternative. Table 15: Liquid Phase Granular Acfivated Carbon
Present Value Analysis provides a present value analysis for this alternative for comparison to
other alternatives presented herein.
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Table 13: Liquid Phase Granular Activated Carbon Capital Cost

- . CAPITAL COST : . |
ITEM I ;,_LI'NHT'P'R'IC'E—_' —
NO. DESCRIPTION - QUANTITY, UNITS - ($) COST ($)
Liquid Phase Granular Activated Carbon Adsorption Treatment
CONSTRUCTION COSTS:
1 Granular Activated Carbon System 1 LS $950,000 $950.000
Assumption: 12 units total consisting of 8 parallef trains of 2
units in series. Sixth train is considered standby/redundant.
Each vessel is flfed with 20,000 Ibs of NSF 61 virgin grade
carbon, vessels range from 16 to 12 feet in diameter, 16 fo 18
fee
2 Freight and Delivery to Jobsite (shipped in pairs) 6 LOADS $10,000 $60,000
3  On Site Loading/Unloading of Equipment 1 LS $12,000 $12,000
4 Site Work ' 1 LS $25,000 $25,000
5 Security Fencing/Gates 1 LS $15,000 $15,000
Yard Piping - connect to distribution system
6 downstream of high service pumps 1 LS $20,000 $20,000
7  Treatment Building (40 ft x 120 ft x 14 ft} 4800 SF $80 $384,000
8  Process Plumbing 1 LS $25,000 $25,000
g Electrical Sitework and Interior 1 LS $50,000 $50,000
10 Electrical Controls; ~SCADA System 1 LS $50,000 $50,000
11 - System Start-Up 1 LS $15,000 $15,000
12 Training 1 LS $5,000 $5,000
13 MobilizationqumobiIization 1 LS $20,000 $20,000
Subtotal-Construction Cost $1,631,000
Contingencies 25% $407,800
Total-Construction Cost $2,038,800
Professional Services/Indirect Costs:
Pre Design Testing/ Pilot Study 1 EA. $20,000 $20,000
Project Management . 6% $122,300
Engineering (Design & Construction Phase) 12% $244,700
Supervision & Administration/Construction 8% $163,100
Total-Professional Services/Indirect Costs _5550_.100
Total Opinion of Project Capital Cost 52,588!900
Treatment Alternatives Assessment
Engineering Evaluation and Cost Estimate -50 - August 2009

Forrest City, AR.



Table 14: Liquid Phase Granular Activated Carbon Operation & Maintenance Cost

_ OPERATION AND MAINTENANCE COSTS
DESCRIPTION QUANTITY UNITS __ UNIT PRICE TOTAL

Liquid Phase Granular Activated Carbon Adsorption Treatment

ANNUAL OCCURRING COSTS:

General System Operation and Maintenance:
Labor Costs:

Assumption: 2 hrsfday x 365 daylyr - 730 HRS 40 $29,200
System Performance Monitoring/Sampling:

Assumption: 3 samples per process train (upsfream and

downstream of each vessel)fevent x 5 parallel process traing x 1

event/month x 12 months/yr 180 SAMPLES $125 $22,500
Miscellaneous Expenses 1 EA $5,000 $5,000
Subtotal-General System O&M . ‘ $56,700

GAC Removal, Replacement, Disposal
Carbon removal and replacement with new virgin
material

Assumplion: Breakihrough of first vessel is approximately 220

days and second vessel in series is 550 days. Therefore

replace one exhausted vessel carbon every 330 days (550-220

days). This is approximately once per year for each of the five

{5} operatf 100,000 LBS $1.60 $160,000
Disposal of Spent Carbon:

Assumplion: Following removal and replacement schedule,

assuming non-hazardous classification and a spenf carbon

profile form being approved by a regeneration facility 100,000 LBS $0.50 $50,000

Subtotal-GAC Removal, Replacement, Disposal $210,000

Total-Annual Occurring Costs ) $266,700
NON-ANNUAL OCCURRING COSTS:

' Project Years Cost

Tank Coating & Repairs

Assumption: Tank vessel interior and exterior recoating for 12

vessels @ $5,000 per vessel 10, 20 $60,000
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Table 15: Liquid Phase Granular Activated Carbon Present Value Analysis

Liquid Phase Granular Activated Carbon Adsorption Treatment

Total Project Cost Summary O&M Costs:

Assumptions:
Project Life 20 yrs
Discount Rate 3% :

Cash Flow Annuity Present Value

Project Capital Cost $2,588,000 $2,588,900
Annual Occurring O&M Costs $266,700 $3,067,823
Non-Annual Occuring O&M Costs:
Year 10 $60,000 $44,646
Year _ 20 360,000 $33,221
Total Present Value of Project $6,634,589
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5.2  Air Stripping

5.2.1 General Technology Description

Air stripping and aération systems are also widely used in water treatment for the
removal of volatile organic compounds (VOC's), ammonia (NH3), carbon dioxide (CO?),
hydrogen sulfide (H,S) and radon from drinking water. The basis for the air stripping process is
the mass transfer of dissolved VOC’s in water from the liquid phase to the vapor (gas/air)
phase. Air strippers remove VOC's from liquid (water) by providing contact between the
contaminated liquid and a gas (air). The contaminant is “stripped” from the liquid and converted
to a vapor phase component in the gas (air). The contaminant (in the vapor phase) is then
typically released to the atmosphere (or may be removed by off-gas treatment systems, typically
vapor phase carbon adsorption units).  Air quality standards and Regulatory permitting
requirements dictate the appropriate release or treatmeﬁt requirements for the off-gas
generated by the air strippers.

The ease and efficiency of the mass transfer of the contaminant to be removed (VOC’s)
to the vapor phase is'dependent upon the Henry's law constant for the contaminant to be
removed. At equilibrium, the partial pressure of a gas above a liquid is directly proportional to
the mole fraction of the gas dissolved in the liquid. This proportionaiity is known as the Henry's
law constant. The value of the Henry's law constant (H) is an important part in determining
whether the contaminant is amenable to stripping and impacts the process design and operating
parameters for air strippers. Temperature and the presence of other contaminants (inciuding
tnorganic components) in the water to be treated impact the value of the Henry's constant.

Air stripping is effective only for water contaminated with VOC or semi-volatile
concentrations with a Henry’s constant greater than 100 atm. The higher the Henry’s Law
constant, the more likely substances will volatize rather than remaining in water. Compounds
with low volatility at ambient temperature may req'uire preheating of the groundwater.

An important process design consideration for air strippers is the ratio of the volumetric
air flow to the volumetric water flow (A/W). This is referred as the "air to water ratio” (i.e., CFM
air to CFM water). The optimum value of the air to water ratio varies for different VOC's (based
upon their respective Henry's constant) as well as the influent concentration and expected or
desired effluent concentration following stripping.

Air 'strippers transfer contaminants from one medium to another (liquid to gas) and
therefore there is no destruction of the contaminant. Consequently, consideration must be
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given to the ofi-gas generated by this technology. Typically the mass of the contaminant
stripped and discharged from the unit does not pose a health risk or require further treatment to
- remove it from the air stream. In that instance the off-gas is discharged directly to the

atmosphere. However each situation does require analysis to confirm this condition and proper:

compliance and coordination with appropriate regulatory air permitting requirements. Off-gas
treatment can be incorporated if the mass removed is sufficient enough to require it. Off-gas
treatment can be provided by several methods, most commonly it is provided by vapor phase
carbon adsorption.

Operating concerns for air strippers include pretreatment or periodic column cleaning
required because of the presence of other contaminants in the influent water including inorganic
compounds (including calcium hardness, iron and manganese). Other contaminants that may
be produced in the stripper if not properly maintained include algae, fungi, bacteria, or fine
particles deposition. The air stripping process also requires a substantial amount of power to
operate. Power is required primarily for the aeration equipment (blowers) and may be required
for influent and effluent pumping from the unit depending upon its location in the overall
treatment process.

522 Air Stripping Type Alternatives
There are several types of air stripping systems available. These generally are

differentiated by the presence or non-presence of a packing media material, the method of
providing the aeration and the relationship of the liquid flow to the air flow, |

Packing media material is provided in some stripper designs to enhance the surface
area available for contact between the liquid and the air flow resulting in a smaller process unit
volume. This media is typically a manufactured product designed specifically for this purpose.

The method for providing the aeration or air flow through the stripper is generally either
referred to as a “forced” draft or an “induced draft’ style system. The primary distinction is
where the blower unit is located with respect to the stripper unit. Blower units for “forced draft”
systems are Iocéted upstream of the media (or sieve trays). The blower forces air under
pressure through the stripper. Conversely, “induced draft’ style units locate the blower on the
exhaust side of the stripper to induce (draw or pull) air flow through the stripper.

The relationship of liquid flow to air flow in an air stripper is predominantly either
countercurrent, where the liquid flow and air flow are opposite to each other, or co-current
where the liquid flow and air flow are in the same direction.

Two of the most common air stripper design styles used for water treatment are the
Packed Column and the Sieve Tray. Either of these styles can be applicable to the Forrest City
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WTP. A discussion of both styles is presented in the following inciuding design and
operational/maintenance considerations with regard to the selection of the most appropriate
style.

5221 Packed Column Air Stripper

Packed column (or tower) éir strippers typically are constructed of a vertical cylindrical
column containing an engineered packing media. A liquid distributor or spray nozzle is located
above the media for i‘ntroduction of the contaminated water to the unit. An air distributor is
located below the media to facilitate introduction of the air flow to the unit. Contaminated water,
pumped to and introduced at the top of the unit, generally flows downward by gravity through
the packing media, while at the same time air is introduced at the bottom of the column and |
flows upward through the'media (counter-current flow). The purpose for the packing media is to
provide a larger surface area and contact time for the air/liquid contact to occur. This facilitates
the transfer of VOC's from the liquid to gas phase. ,

Treated water exits the bottom of the stripper while the exhaust air (off-gas) containing
the volatized materials exits the top of the unit. Off-gas is either directly released to the
atmosphere for natural dissipation/natural degrédation or further treated for removal in the vapor
phase. Off-gas treatment requirements are predicated upon regulatory requirements as
previously discussed. ‘

The air flow in a packed column stripper can be introduced in several ways. The most
common application is the counter-current method however other methods can be utilized. In a
cross-flow system the air flows across the tower packing at a 90 degree angle to the direction of
the water flow. In the cascade system, air is infroduced at various points along the tower and
flows countercurrent to the water flow. These two alternative systems can provide larger airflow
rates at lower gas pressure drops, thus providing a greater driving force for stripping making it
more efficient to remove contaminants with lower volatility. These variants are used when very -
high air-to-liquid ratios are required to remove semi- and low-volatility contaminants from water,

Auxiliary eguipment for packed column strippers may include an air heater to improve
removal efficiency, any necessary air emission treatment system, and various cleaning systems
designed to improve the effectiveness of periodic stripper cleaning.

5222 Low-profile sieve tray column or low profile

The sieve tray or low-profile tray air strippers operate similarly to the counter-current
packed column air stripper. The primary difference is that no packing media is used. Rather
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than providing media for extending the surface area for liquid/air contact, a series of perforated
trays are stacked vertically to provide this area. Water flows across these trays as air is
introduced through the small holes perforated at the bottom of the trays. Water depth across
each tray is controlled by a weir at the end of the tray. Water exits over the weir of one tray
through a downcomer to the next lower tray. Water continues to flow downward from one tray
to the next, tray by tray, as the air flow continues to be bubbled through the perforations. The
volatilization occurs as the air contacts the flowing liquid. Water exiting the bottom tray is
discharged to the stripper sump below.

Many tray stripper designs include a clear visual side pane! for monitoring performahce
and tray conditions as well as easy access for tray removal for cleaning. As with packed

column strippers auxiliary equipment can be provided (air heaters and off-gas treatment).

5.2.3 Advantages/Disadvantages
Advantages:
* Air stripper systems, regardless of the type or style of the stripper selected, can be
designed to be effective in removing 95-89% of most YOC contaminants over a wide variety of

flowrates and influent concentrations. These units are considered a common technology in
providing this treatment for potable water systems. Air strippers, unlike carbon adsorption
systems, do not generate a waste product requiring further handlingfrecycling or disposal
{unless an off-gés vapor 'phase carbon adsorption system is required). Thése systems are
relatively easy to operate and maintain if fouling or interference from other inorganic compounds
can be controlled or reduced. Mechanical support equipment for these systems includes the
aeration source (blower) and any necessary water pumping necessary on the influent or effluent
side of the process to incorporate it into the remaining/existing water treatment process.

Air strippers can be designed and installed in multiple vessel parallel treatment units.
Some of the more common larger individual units can be supplied in capacities of up to 1,000
gallons per minute. Vendor sources for supplying this process technology are also numerous.

The footprint of the process units is relatively small and will vary depending upon the
style of the stripper selected. Packed column strippers typically reguire the smallest footprint as
the column height can be increased to accommodate larger flowrates andfor influent
concentrations. Tray strippers are also stacked to accommodate larger flowrates and/or influent
concentrations; however the common base footprint_ is typically larger than for packed columns
because the maximum height is typically less to accommodate access for maintenance and
cleaning.
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Disadvantages:

Air stripper systems are commonly housed within a building or enclosure, particularly
when constructed and operated in cold climates. This is predominantly the case for the tray
style strippers than for the packed column systems, however special provisions can be
incorporated to avoid or minimize the potential for freezing. The other consideration to factor
into the appropriate housing is the rangé of temperatures of the air source supply. Air stripping
efficiency is diminished by the temperature of the incoming air temperature. Therefore the cost
of implementing this process technology can be inflated by the level of provisions deemed
necessary to support cold season operation.

The cost of operating an air stripper system is predominantly based upon the energy
cost of power to supply the aeration system (blowers). Additional consideration must be given
to the effort that will be necessary to periodically clean any scaling or fouling that may occur on
the media in a packed column system or on the trays of a tray style stripper. The greater the
presence of calcium hardness, iron or manganese in the influent, the greater the effort and
frequency of periodic cleaning will be necessary.

Packed Column versus Low Profile Tray Stripper:

These air strippers can operate over a wide range of air flow rates. So if the water flow
rate to the stripper decreases, then the air flow can be decreased. The ratio of air to water flow
is lower for a packed tower stripper than for the low profile tray stripper. Therefore, the packed
tower will have a smaller cross-sectional area as compared to the low profile stripper for the
same treatment conditions. The efficiency of the packed column stripper increases as the
packing height increases. Since the pres'sure drop through the packing media is relatively low,
a smaller blower and motor can be used versus that for the same capacity tray stripper. The
expected electrical operating cost for the packed column stripper would therefore be less than
for a tray stripper. Although packed column units are narrow, typically the columns are tall,
ranging from about 15 to 40 feet high. This height, as well as the hydraulic head necessary to
deliver the influent water to the top of the column, can present concerns with regard to siting
these units or present the need for additional pumping. Packed column strippers are also more
difficult to provide periodic cleaning because of the limited access to the media and the depth
(height of the tower) of the media bed. If the media cannot be adequately cleaned, the fouling
buildup remaining can reduce the air flow rate through the system, making the packing less
efficient. This increases the cost to operate and maintain. Chemical solutions may be used to
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assist in cleéning the packing; otherwise the media must be removed and cleaned outside of the
column.

Low—profile tray strippers, as compared to packed column strippers, are smaller and
more compact units. Larger units provide additional treatment capacity by increasing the
number of trays stacked vertically. The maximum total height is typically less than 12 feet,
allowing easier access to the trays for disassembly in providing periodic cleaning. Since no
media is used, cleaning is required occasionally on the trays only to ensure that the perforations
remain unplugged and that fouling or encrustation of the trays is removed. Low profile tray air
strippers however require significantly more air flow rate than the conventional packed tower for
the same VOC removal conditions. Due to the high air flow rate and high pressure drop through
a low profile unit, a larger blower and motor is used, increasing the overall electrical operating
cost for these units..

While the conventional packed columns can operate over a wide range of water flows,
low profile air stripper units are commonly limited to water flow rates of less than 1,000 gpm.
Depending upon the design flowrate, multiple units may be required to operate in parallel to
provide the required capacity. Muitiple unit installations however provide better operating and
redundancy benefits. ‘

Low profile tray strippers require a greater surface area for siting considerations, but
offer the trade-off benefit of lower finished height installations (less than 12 feet unit process
height). This potentially allows for more convenient location hydraulically in the treatment
process that could eliminate additional influent or effluent pumping considerations.

5.24 Applicability to City of Forrest City WTP #1
5.2.4.1 Design Considerations

The air stripping process technology is very applicable for providing the treatment
requirements necessary at the City of Forrest City WTP. The hydraulic design capacity
requirement of 5 MGD (3475 gpm) and the treatment performance requirement of reducing a
design influent concentration of 36.0 ppb, TCE down to an MCL level of less than 5 ppb in the
treated effluent stream are well within the capabilities of this process technology. Both
variations of this technology, packed column and low-profile tray strippers, are considered
applicable to the City of Forrest City installation and are examined in the following evaluation.

For this evaluation several potential air stripper vendors were consulted to determine

preliminary sizing, configurations and costing information applicable to the City of Forrest City.
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These vendors represent a small sample of potential companies engaged in the design and
manufacturer of air strippers, and as such should not be considered an endorsement of any
particular mahufacturer. Preliminary design evaluation and cost estimates for both types of air
strippers, packed column and low-profile sieve tray, are provided in the information that follows.
This analysis is based upon a design flow of § MGD (3475 gpm), a design influent concentration
of 36.0 ppb, TCE, an assumed influent temperature of 50 degrees F and a treated effluent TCE
concentration down to or below the MCL level of 5 ppb.

The following discussion assumes that pre-treatment, hardness reduction or special
chemical cleaning systems are not necessary to use air strippers for TCE treatment at the City
of Forrest City Water Treatment Plant. These may become necessary, based upon further
water analysis or pilot-scale testing, in order to make the air stripper systems less prone to
fouling or require less-frequent cleaning intervals. It is anticipated, based upon available water
quality information (presented previously), that the influent stream will be acceptable for using
an air stripper system without providing these additional considerations. lron, manganese, TDS
and TSS are relatively low at the Forrest City WTP. Current hardness levels are considered
borderline but low enough not 1o cause a significant concern for application of the technology.

Another consideration that could impact the air stripper design and cost is the
appropriate handling of the off-gas generated. It is anticipated that the off-gas mass generated
will not require further treatment in the vapor phase (by vaper phase carbon adsorption or
thermal destruction/oxidation) and can be directly discharged to the atmosphere. A more
detailed analysis of the total expected mass to be produced should be performed to determine
the appropriate treatment and/or permitting action required to comply with regulatory agency
requirements. '

Packed Column_ Air Stripper —This alternative would consist of two air stripper units; the
second unit would be considered a redundant back-up unit. The units would be 'designed to
operate in paratlel; each unit would be capable of treating the total design flow of 3475 gpm (5
MGD). This arrangement will provide flexibility during dperation to alternate units during any
down time (periodic cleaning or otherwise) without affecting the treatment process. A forced
draft blower would be provided to create the airflow. Typically the column of these air stripper
units is constructed of aluminum, stainless steel or a fiberglass reinforced plastic (FRP)
material. The aerator column geometry dimensions and the packing media material for the air
stripper varies depending upon the packed-column air stripper vendor. The City of Forrest City
WTP s‘ite does not appear to be a limiting factor in selection or siting of this style of stripper
system. Two packed column air stripper geometry configurations are considered.
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The first configuration is a pair (2 units total) of pre-engineered/manufactured aluminum
forced draft air stripping system buiit of ﬁon-circular (rectangular or square) geometry. The unit
examined is a 12 feet by 12 feet (nominal) square structure with a height to the influent piping of
16 feet-9 inches (16-9"). A bed depth of approximately 10 feet of packing media (Jaeger Tri-
Pack #2) would be provided in each unit, providing approximately 85-90% reduction in the TCE
concentration. Air would be supplied in a forced draft configuration via a 5.0 HP blower. The
blower housing and collector pan is suppbrted by four legs. An illustration of this unit is
provided in Figure 4: Packed Column Air Stripper (Square Footprint).
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Figure 4: Packed Column Air Stripper (Square Footprint)
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The second configuration is a pair (2 units total) of cylindrically-shaped packed column
air strippers with forced draft aeration. The column would be 138 inches (11°-6") in diameter
and constructed of NSF-approved FRP. The unit would have an overall height of 23'-9" with a
water inlet height of approximately 20’-3". Each column would contain a 12 feet deep bed of
packing media material (Delta-Pak). The efficiency for this type of system is rated about 88%
for removal of TCE. Air is supplied to the column via a 20 Hp blower motor. A sump is located
below the column for treated water discharge. An illustration of this unit is provided in Figure 5:
Packed Column Air Stripper {Cylindrical Column).
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Figure 5. Packed Column Air Stripper (Cylindrical Column)
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Low-Profile Sieve Tray Air Stripper — For this alternative, the air stripper considered is a
forced draft low-profile sieve tray air stripper unit. This alternative would likely consist of at least
four {4) low-profile sieve tray air strippers. In this evaluation a fifth, totally redundant unit, is not
considered. Since multiple units are proposed, providing full freatment (albeit at a reduced total
flowrate) is possible with one unit out of service. A fifth unit, if required by applicable
redundancy criteria, would provide a backup unit without reducing the maximum design flowrate
during a temporary interruption in service of any one unit.

For the system examined each stripper unit is rectangular in shape approximately 12’-4"
by 6-5" and constructed entirely of 304 stainless steel. The overall height of the unit is
approximately 10’-10" designed for the full rated capacity of 1,000 gpm (using 7 trays), which is
also approximately the height of the influent piping at that capacity. The four units would be
piped to operate in parallel. Assuming an equal distribution of the total influent flow (3,475

gpm); each unit would hydraulically treat a flow of approximately 869 gpm. At that flowrate and
the influent TCE concentration of 36 ppb, only three (3) aeration trays would be required in each
stripper to be supplied at the City of Forrest City, providing an overall TCE removal efficiency of
89.4 % (3.8 ppb effluent concentration). This reduces the height of the stripper by 4 trays (each
measuring 12.25” in height). Therefore the overall height for the units proposed for the City of
Forrest City WTP would be approximately 5’-10°. Each low profile air stripper unit is equipped
with a 40 HP blower providing an airflow rate of 3, 500 cfm.  An illustration of this unit is
provided in.Figure 6: Low-Profile Sieve Tray Air Stripper
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Figure 6: Low-Profile Sieve Tray Air Stripper

5242 Location/Logistics

Implementation of air strippers for removal of TCE at the City of Forrest City WTP #1 can
be easily accommodated into the existing treatment process. The primary objectives for proper
placement of the strippers are to locate them hydraulically in the existing plant hydraulic profile
to eliminate the need for pumping to or from the units, and to locate them in an appropriate
location that will not jeopardize the potential for future use of the process equipment in the
existing plant. ‘

Based upon the hydraulic analysis performed on the transmission line to the plant and

Treatment Alternatives Assessment
Engineering Evaluation and Cost Estimate -63- August 2009
Forrest City, AR.



delivery at the existing plant aerators, it would appear that both the packed column and the tray

* strippers could be accommodated. For the packed column stripper in particular (because of its
influent piping height) the location would need to be at the head of the plant (at or just upstream
of the existing cone aerators). The uppermost discharge from the existing cone aerators is
25.45 feet above the pressure gage located in the plant influent meter pit. The influent piping
height of the particular packed column stripper examined is 20°-3" which can be accommodated.
The low-profile sieve tray units examined require a much shorter height (less than 6 feet) which
allows this style to be located much further down the existing treatment process that at the head
of the plant.

' Since the discharge of all the air strippers is near the base of the units, without pumping
the treated discharge, there is little or no pressure head left to drive the flow through any
subsequent existing treatment units at the plant upstream of the finished water clearwell.
Discharge from both stripper styles would therefore need to be directly into the existing
clearwell. Because of this condition the usefulness of the packed column stripper style is limited
without providing discharge pumping if consideration is given to ever using the existing WTP#1
process equipment. It appears that a low-profile tray stripper, because of its much lower influent
piping height, provides the best choice when considering the ability to incorporate it into the
original plant treatment process without providing a discharge pump from the stripper. While
maintaining the full design capabilities of the existing plant, incorporating the air stripper
downstream of the softening unit and sand filters also provides a direct benefit to the operation
of the air stripper (preventing scaling on the trays) if the softening process is ever brought back
on-line. . -

The proposed location for a low-profile tray stripper (and appropriate building) would be
just south of the existing clearwell (see Photo 24: Proposed Location of Air Stripper TCE
Rernoval Units). The most convenient hydraulic connection could be made on the existing 30”
filter influent pipe at the connections for piping that were made to allow direct discharge from
this influent pipe into the clearwell when the filtration process was discontinued. Effluent
discharge from the stripper would be piped directly to the finished clearwell. If filtration is
resumed, the stripper influent piping could be connected just below the plant operating floor
where the filters were originally designed to discharge into the clearwell.

The size of the building for the air stripper system will depend on the strippér module
size. Assuming a pair of packed column air strippers as examined, approximately 12 feet in
diameter (if cylindrical} or 12 feet square (if square) and allowing a 5 foot clearance around each
unit would require a building of approximately 40 feet by 20 feet. For a shallow tray air stripper

Treatment Alternatives Assessment
Engineering Evaluation and Cost Estimate -64 - August 2009
Forrest City, AR.



system as examined, with each unit approximately 12 feet long and 12 foot wide (including the
blower) and allowing a 5 foot clearance around each unit would require a building of
approximately 80 feet by 25 feet.

e g e
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T BASIN

Photo 24: Proposed Location of Air Stripper TCE Removal Units

5.24.3 Cost Evaluation

The following tables provide an opinion of probable cost for Capital Costs and Operation
and Maintenance Costs for air stripper alternatives. These are provided for both geometry
styles of packed column strippers (square and column) and for the low-profile sieve tray
stripper.  Tables following each of these options provide a present value analysis for
comparison to other alternatives presented in this report.
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Table 16: Forced Draft Packed Column Air Stripper (Square Style) Capital Cost

CAPITAL COST . ’ ) o
NO. - DESCRIPTION © QUANTITY - UNITS (%) COST (&)
Forced Draft Packed Column Air Stripper (Square Style)
CONSTRUCTION COSTS:
1  Forced Draft Packed Column Air Stripper 2 LS $130,000 $260,000
Assumplign:. Two (2) units, second unit is considered a
standby/redundant unit. Packed bed depfth is 10 feet thick of
Jaeger Tri-Pak #2 media and cross-sectional area is 12 feet by
12 feet. Blower capacily is 10,800 cfm, airfwater ratio is 3.1
cfmigpm, b .
2 Frelght and Delivery to Jobsite , included in above 0 EA $0 $0
3 'On Site Loading/Unloading of Equipment 1 LS $5,000 $5,000
4 Site Work 1 LS $15,000 $15,000
5  Security Fencing/Gates 1 LS $10,000 $10,000
6 Yard Piping 1 LS $20,000 $20,000
7  Connection to Existing Plant Piping/Clearwell 1 Ls $15,000 $15,000
8 Treatment Building (40 ft x 50 ft x 20 ft) 2000 SF $110 $220,000
9  Process Plumbing . 1 LS $15,000 $15,000
10 Electrical Sitework and Interier 1 LS $25,000 $25,000
11  Electrical Controls: --SCADA System 1 Ls $20,000 $20,000
12  System Start-Up 1 LS $15,000 ~ $15,000
13 Training 1 LS $5,000 $5,000
14 Mobilization/Demobilization 1 LS $20,000 $20,000
Subtotal-Construction Cost $645,000
Contingencies 25% $161,300
Total-Construction Cost $806,300
Professional ServicesiIindirect Costs:
Pre Design Testing/ Pilot Study 1 EA $20.000 $20,000
Project management 6% $48,40U
Engineering {Design & Construction Phase}) 12% $77,400
Supervision & Administration/Construction 8% $51,600
Total-Professional Services/indirect Costs $197,400
Total Opinion of Project Capital Cost $1,003,700 |
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Table 17: Forced Draft Packed Column Air Stripper (Square Style) Operation &

Maintenance Cost

_____ OPERATION AND MAINTENANCE COSTS _
DESCRIPTION QUANTITY UNITS UNIT PRICE TOTAL

Forced Draft Packed Column Air Stripper (Square Style)

ANNUAL OCCURRING COSTS:
General System ration and Maintenance:
Labor Costs:
Assumption; 2 hrsiday x 365 dayfyr 730 HRS $40 $28,200
System Performance Monitoring/Sampling: .
Assumption; 2 samples per event (one upstream and one
downstream of train) x 1 process train x 1 event/month x 12

monthsyr 24 SAMPLES $125 $3,000
Power Costs:

5 HP Blower ‘
Assumption: 5 HP x 0.746 kW/HP x 24 hrs/day x 365 daysrvear 32,675 kW $0.10 $3,267

Miscellaneous Expenses 1 EA $5,000 $5,000

Subtotal-General System O8&M $40,467

Total-Annual Occurring Costs $40,467

NON-ANNUAL OCCURRING COSTS:
Project Years Cost

Media Cleaning
Assumpfion: Remove and acid clean media packing, assuming
80 manhours per cleaning @ $40/MH and $1,000 in cleaning
malerials. 5,10, 15, 20 $4,200
Blower Rehabiliation 10, 20 $3,000
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Table 18: Forced Draft Packed Column Air Stripper (Square Style) Present Value

Analysis
Forced Draft Packed Column Air Stripper (Square Style}

Total Project Cost Summary O&M Costs:
Assumptions:

Project Life 20 yrs

Discount Rate 3%

: Cash Flow Annuity Present Value

Project Capital Cost | , $1,003,700 _ $1,003,700
Annual Oceurring O&M Costs $40.,467 $602,054
Non-Annual Occuring O&M Costs:

Year 5 $4,200 $3.623

Year 10 $7,200 $5,357

Year 15 $4,200 $2,696

Year 20 - $7.200 $3,986
Total Present Value of Project $1,621,417
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Table 19: Forced Draft l_-"acked Column Air Stripper {Cylindrical Style) Capital Cost

Totai Opinion of Project Capital Cost

CAPITAL COST
M T UNITPRICE
NO. DESCRIPTION QUANTITY UNITS . (%) COST (%)
Forced Draft Packed Column Air Stn'ppef {Cylindrical Style)
CONSTRUCTION COSTS:
1 Forced Draft Packed Column Air Stripper 2 LS $365,000 $730,000
Assumption: Twe (2) units, second unit is considered a
standby/redundant unit. 138" diameter NSF-approved FRP
Column standing 238" tall. Packed bed depth is 12 feef thick.
Blower is 20 horsepower. Requires a 50 HP transfer pump fo
integrate with exis
2 Chemical Cleaning Package (serves both strippers) 1 LS $70,000 $70,000
3  Freight and Delivery to Jobsite , included in above 0 EA $0 30
4  On Site Loading/Unloading of Equipment 1 LS $5,000 $5,000
5 Site Work 1 LS $15,000 $15,000
& Security Fencing/Gates 1 LS $10,000 $10,000
7 Yard Piping 1 LS $20,000 $20,000
8 Connection to Existing Plant Piping/Clearwell 1 LS $15,000 $15,000
9  Treatment Building (40 ft x 50 ft x 14 ft) 2000 SF $80 $160,000
10  Process Plumbing 1 Ls $15,000 $15,000
11 Electrical Sitework and Interior 1 LS $25,000 $25,000
12  Electrical Controls: ~SCADA System 1 LS $20,000 $20,000
13 System Start-Up 1 LS $15,000 $15,000
14 Training 1 LS $5,000 $5,000
15 Mobilization/Demobilization 1 LS $20,000 $20,000
Subtotal-Construction Cost $1,125,000
Contingencies 25% $281,300
Total-Construction Cost $1,406,300
Professional Services/Indirect Costs:
Pre Design Testing/ Pilot Study 1 EA $20,000 $20,000
Project Management 6% $84,400
Engineering (Design & Construction Phase) 12% $168,800
Supervision & Administration/Construction 8% $112,500
Total-Professional Servicesfindirect Costs - $385,700

$1,792,000 |
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Table 20: Forced Draft Packed Column Air Stripper (Cylindrical Style) Operation &
Maintenance Cost

. c - " OPERATION AND MAINTENANCE COSTS
TTEN : o T T B R
NO. ' i DESCRIPTION - . QUANTITY ~ UNITS . "UNITPRICE ~TOTAL °
Forced Draft Packed Column Air Stripper (Cylindrical Style)
ANNUAL OCCURRING COSTS:
General System Operation and Maintenance:
Labor Costs:
Agsumption: 2 hrs/day x 365 day/yr 730 HRS $40 $29,200

System Performance Monitoring/Sampling:

Assumption: 2 samples per event {one upstream and one
tlownsfream of frain) x 1 process train x 1 event/month x 12

months/yr 24 SAMPLES $125 $3,000
Power Costs:
20 HP Blower
Assumplion: 20 HP x 0.746 KW/HP x 24 hrsiday x 365
days/year : 130,699 kW $0.10 $13,070
75 HP Transfer Pump
Assumption: 50 HP x 0.746 kW/HP x 24 hrs/day x 365
daysiyear 326,748 KW $0.10 T $32,675
Miscellaneous Expenses 1 EA $5,000 $5,000
Subtotal-General System O&M $82,945
Total-Annual Qccurring Costs $82,945

NON-ANNUAL OCCURRING COSTS:

Project Years Cost

Media Cleaning .
Assumplion; Acid clean media packing with cleaning system,
assuming 8 manhours per cleaning @ $40/MH and $1,000in

cleaning materials. 5,10, 15, 20 $1,320
Blower Rehabiliation 10, 20 $3,000
Pump Rehabilitation 10, 20 $7,500
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Table 21: Forced Draft Packed Column Air Stripper (Cylindrical Style) Present Value
Analysis

Forced Draft Packed Column Air Stripper (Cylindrical Style)

Total Project Cost Summary O&M Costs:
Assumplions:

Project Life 20 yrs
Discount Rate ] 3%
Cash Flow Annuity Prasent Value

Project Capital Cost $1,792,000 $1,792,000
Annual Occurring O&M Costs ) 582,945 $1,234,008
Non-Annual Occuring O&M Costs:

Year ) 5 $1,320 $1,139

Year 10 $11.,820 : $8,795

Year 15 $1,320 $847

Year 20 $11,820 36,544
Total Present Value of Project $3,043,324
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Table 22: Low-Profile Sieve Tray Air Stripper Capital Cost

CAPITAL COST - : o
TTEM ;o ; ' il . ~  UNITPRICE -~ . |
NO. : - »_ DESCRIPTION - QUANTITY .~ UNITS ($) . COST{®)
Low-Profile Sieve Tray Air Stripper
CONSTRUCTION COSTS:
1 Low-Profile Sieve Tray Air Stripper 5 LS $65,000 $325,000
Assumplion: Five {5) parallel frain units, fifth unit is corsidered a
standby/redundant unil. Stainless steel construction, three (3}
tray design, 12 feef by 6 feet tray footprint, approximately 8 feet
total height. Demister included. Blower is 40 horse
2 Freight and Delivery to Jobsite 2 LOADS $10,000 $20,000
3 On Site Loading/Unloading of Equipment 1 LS $10,000 $10,000
4  Site Work 1 LS $15,000 $15,000
5  Security Fencing/Gates 1 LS $10,000 $10,000
6 Yard Piping 1 LS $20,000 $20,000
7  Connection to Existing Plant Piping/Clearwell : 1 LS $15,000 $15,000
8 Treatment Building (40 ft x 70 ft x 14 fi) 2800 SF $80 $224,000
9 Process Plumbing 1 LS $15,000 $15,000
10 Electrical Sitework and Interior 1 LS $25,000 $25,000
11 Electrical Controls: —-SCADA System 1 Ls $50,000 $50,000
12 System Start-Up 1 LS $20,000 $20,000
13 Training 1 LS $7.500 $7,500
14  Mobilization/Demobilization 1 LS $20.000 $20,000
Subtotal-Construction Cost $776,500
Contingencies 25% $194,100
Total-Construction Cost - ' $970,600
Professional Services/Iindirect Costs:
Pre Design Testing/ Pilot Study 1 EA $20,000 $20,000
Project Management 6% ‘ $58,200
Engineering (Design & Construction Phase) 12% $116,500
Supervision & Administration/Construction 8% $77,600
Total-Professional Services/Iindirect Costs $272,300
Total Opinion of Project Capital Cost T $1,242,900 |
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Table 23: Low-Profile Sieve Tray Air Stripper Operation & Maintenance Cost

OPERATION AND MAINTENANCE COSTS

TTEM ,
NO. DESCRIPTION QUANTITY UNITS

UNIT PRICE

TOTAL

Low-Profile Sieve Tray Air Stripper

ANNUAL OCCURRING COSTS:
General System Operation and Maintenance:

Labor Costs:
Assumption: 2 hrafday x 365 day/yr 730 HRS
System Performance Monitoring/Sampling:

Assumption: 5 samples per event (one combined upstream and
one dowhstream of each of 4 trains) x 1 event/month x 12

months/yr 60 SAMPLES
Power Costs:

40 HP Blower
Assumplion: 24 HP x 0.746 kW/HP x 24 hrs/day x 365

days/year 156,838 kW
Tray Cleaning:

Assumption: Powerwash and acid clean (if necessary) stripper

trays assuming & manhours per unit @ $40/MH and $250 in

cleaning materiais.

Miscellaneous Expenses 1 EA

Subtotal-General System O&M

Total-Annual Occurring Costs

NON-ANNUAL OCCURRING COSTS:

Project Years Cost

Blower Rehabiliation 10, 20 $3.000

$40

5125

$0.10

$5,000

$29,200

$7,500

$15,684

$1,850
$5,000

$59,234

$59,234 |
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Table 24: Low-Profile Sieve Tray Air Stripper Present Value Analysis

Low-Profile Sieve Tray Air Stripper

Total Project Cost Summary O8M Costs:

Project Life 20 yrs
Discount Rate 3%

Cash Flow Annuity Present Value
Project Capital Cost $1,242,900 $1,242 900

Annual Occurring O&M Costs $59,234 $881,251
Non-Annual Occuring O&M Costs: ,
Year 10 $3,000 $2,232
Year 20 $3,000 $1,661
Total Present Value of Project . $2.128,044
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5.3

Comparison of Treatment Alternatives

A summary of the treatment alternatives evaluated in this report is provided below:

Table 25: Treatment Alternatives Summary

No. of Units 12 2 2 5
) . Two (2) parallel Two (2) paraliel ) .
Six parallel trains of ) ) . ) _ . Five parallel trains of
Process L ] w | rains of single units | trains of single units . ot
) 2 units in series (6 nd s . .. single units (5" train
Configuration L (2 train is (2" train is .
train is redundant} is redundant)
redundant) redundant}
Unit Capacity 695 gpm/train 3, 475 gpm 3,475 gpm 1,000 gpm/unit
Unit Size 10-12 ft Dia. x 16-18 | 12ftx 12 ftin x 20 ft 125t x 65ftx6ft
. 11.5ftDiax24 ftH
(approximate} ft H per vessel H H
Feat 20,000 ibs of carbon | 10 ft depth of Jaeger | 12 ft of Delta Pak 3 aeration trays per
eatures
per vessel Tri-Pack #2 media media unit
. . ) FRP constructien, Stainless steel
Painted carbon steel | Aluminum housing .
T : : 20 HP Blower, construction, 40 HP
Other with cross-over 5 HP Blower (10,800 .
o Chemical cleaning blower (3,500 cfm),
piping/control cfm}
. system 1,000 gal sump
Capital Cost $2,588,900 $1,003,700 $1,792,000 $1,242,900
Present Value of
$4,045,685 $617,717 $1,251,334 $885,144
O&M Cost (20 yrs)
Total Present Value
Cost $6,634,589 $1,621,417 $3,043,334 $2,128,044
oS

Considerations

_

¢ Installed D.5. of high
service pumps

o Largest building
required

+ High cost of carbon
replacement

* Assumes no
pumping required-
borderline as to
whether it is required

* Lowesl overall cost
+ Media cleaning
less difficult than
cylindricat version

*  Requires pumping
to or from unit because
of height

* Highest cost of air
stripper options.

¢ Media cleaning
more difficult than
square version

¢ Access is difficuit
Nat completely housed

in building

+ Requires no
pumping because of
low height .
« Second lowest
overall cost
« Tray cleaning is
much less difficult than
media cleaning
Betler operating
flexibility with four
operating trains.
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6 RECOMMENDATION

Both non-treatment and treatment alternatives are evaluated in this report. The non-
treatment wellfield pumping management may provide a short-term approach to deal with the
contaminant plume until more reliable TCE treatment provisions can be constructed and
incorporated into the treatment provide at the City of Forrest City Water Treatment Plant #1.
This approach has been utilized to some extent already by the Utility Staff.

A more long-term and predictable approach to the TCE problem for the City of Forrest
City would be to construct and operate a TCE treatment system at Water Treatment Plant #1.
TCE reduction at the anticipated levels is quite easily accomplished by the conventional
technologies evaluated in this report. Treatment by liquid phase granular activated carbon
(GAC) and air stripping are the most prevalent methods. The cost-effectiveness of GAC
systems typically comes down to the design flowrate and expected treated water volume. GAC
is exhausted as the TCE is adsorbed to the surface of the carbon and as a result requires
eventual removal, disposal and replacement. The cost for this operation and maintenance
consideration many times makes GAC treatment less cost effective in a present value cost
analysis than air stripping for larger design flows.

Air stripping is the recommended treatment process for TCE reduction for the City of
Forrest City WTP #1. Several alternative styles for air strippers are evaluated resulting in a
projected present value cost for a 20-year project life of $1.6M to $3.1M. Packed tower (square
and cylindrical geometries) and low-profile sieve tray styles both offer reliable and efficient
treatment options. The cylindrical style packed tower in this case has the both the highest
capital cost and operation and maintenance cost of the options evaluated.

Both the packed tower (square style) and the low-profile sieve tray strippers offer
essentially equivalent alternatives. The ultimate selection should be based upon more design
development and closer examination of the existing water treatment plant piping elevations and
the flexibility of incorporating either of these two into the existing treatment process without
requiring pumping provisions. The choice should be made to locate the stripper into the
originally-designed treatment process flow in the event that softening is ever resumed at this
facility and to do so without the need to pump to or from the unit(s). It would appear that since
the low-profile sieve tray stripper is much shorter than the packed tower (square style) that it
should be the technology of choice.

Physical variations should also be examined with potential vendors during the design
phase. The height of the packed tower (square style) stripper could possibly be reduced if the
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footprint is expanded. Additional considerations for assisting in periodic cleaning should also be
investigated during the design phase in an effort to reduce overall operating and maintenance
costs of either system.
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